Background: Patient-reported outcome scores are the mainstay method for quantifying success following arthroplasty. However, it is unclear when a "successful outcome" is achieved. We calculated threshold values for the Oxford Hip and Knee Score (OHS and OKS) representing achievement of a successful treatment at 12-month follow-up. Methods: Questionnaires were administered to patients undergoing total hip (THA) or knee (TKA) arthroplasty before and 12 months after surgery alongside questions assessing key aspects of treatment success. A composite success criterion was used to perform receiver operator characteristic analysis. Thresholds providing maximum sensitivity and specificity were determined for the total sample and subgroups defined by presurgery scores. Results: Data were available for 3203 THA and 2742 TKA patients. Applying the composite treatment success criterion, 67.3% of the TKA and 77.6% of the THA sample reported treatment success. Accuracy for predicting treatment success was high for the OHS and OKS (both areas under the curve, 0.87). For the OHS, a threshold value of 37.5 points showed highest sensitivity and specificity in the total sample, while for the OKS the optimal threshold was 32.5 points. Depending on presurgery scores, optimal thresholds varied between 32.5 and 38.5 for the OHS and 28.5 and 36.5 for the OKS. Conclusion: This is the first study to apply a composite "success" anchor to the OHS and OKS to evaluate outcome following total joint arthroplasty. Notably fewer patients report a "successful outcome" using a composite outcome threshold than report being "satisfied."
Total joint arthroplasty is the only effective treatment to address end-stage osteoarthritis of the hip or knee. Around 100,000 hip and knee arthroplasties are carried out in the United Kingdom each year [1] , while in the United States the number is >700,000 [2] . Patientreported outcome (PRO) scores are the mainstay method for quantifying treatment success, evaluating factors such as pain, stiffness, function, satisfaction, and quality of life. Use of these metrics evaluates the success of the intervention from the patient's perspective.
Although there are various merits to evaluating outcomes with patient-reported scores, PRO measures can be challenging to interpret as they present results as score points on a range (eg, from 0 to 100 [3] or 0 to 48 [4] ). These values are difficult to put into context without additional information. It is possible to use reference populations to convert these score points to standardized metrics (such as T-scores [5] ) to facilitate interpretation, but while distributionbased score methods allow comparison of an individual patient or group against the reference population, this methodology does not directly evaluate the success of the intervention. Evaluation of outcome success using PRO scores requires well-defined thresholds for treatment success that indicates at which point on the score range the result is associated with a successful outcome. Anchorbased approaches relate patient-reported scores to external criteria that denote treatment success and allow identification of thresholds (essentially cutoff values) for PRO measures that reflect these external criteria. Clearly, in an anchor-based approach, the definition and relevance of the external criterion is crucial.
Previous studies have used patient-reported satisfaction as an anchor to determine acceptable thresholds [6, 7] . In recent years, satisfaction has gained interest as a single overarching metric to measure surgical outcome [8e11]; however, it is well established that patient satisfaction is influenced by factors not directly related to the surgical intervention, such as the experience of the hospital stay or socioeconomic status [12e16]; an apparently good clinical outcome does not necessarily predict a satisfied patient [17e21]. As such satisfaction may be an important but insufficient individual criterion to represent treatment success. Composite criteria incorporating multiple facets of outcome (such as pain resolution, functional ability, and satisfaction) may better represent successful outcomes. This composite criteria have previously been applied to the Western Ontario and McMaster Universities osteoarthritis index, the EuroQol-5 dimensions, and the American Knee Society Score to explore thresholds for treatment success [22] ; however, anchors and thresholds for the well-used Oxford Hip and Knee Score (OHS and OKS) have not been described.
The aim of this study was to develop thresholds that indicate postoperative treatment success 12 months after total joint arthroplasty for the OHS and OKS using a composite anchor to better reflect patient pain and functional status.
Materials and Methods

Study Design and Setting
We evaluated data from a regional joint arthroplasty registry. Before surgery, patients provided demographic indicators and completed the OHS or OKS. One year after surgery, patients answered individual questions on treatment outcomes (detailed below) and completed another OHS or OKS.
The OHS and OKS are widely used measures for the assessment of pain and functioning in patients undergoing lower limb arthroplasty [4] . The 12 questions of each joint-specific score can be answered on a 5-point response scale. The Oxford total scores range from 0 to 48, while higher scores indicate better ability.
Participants
We assessed prospectively collected data for patients undergoing lower limb joint arthroplasty at a single National Health Service teaching hospital during a 5-year period (January 2007-December 2011). The study center is the only hospital receiving adult referrals for a predominantly urban regional population of around 850,000. Data had been collected through informed consent for inclusion in a departmental database, for which regional ethical approval had been obtained (11/AL/0079).
Definition of Treatment Success
To define thresholds for treatment success measured with the OKS and OHS, we matched a previously reported composite model [22] applying the following combination of anchor items as external criterion:
(1) How satisfied are you with your operated knee/hip?
(2) How well did the surgery relieve pain in your affected joint? (3) How well did the surgery increase your ability to perform regular activities? (4) Would you have this operation again if it was required on another joint?
The satisfaction question could be answered on a 4-point rating scale from "very satisfied" to "dissatisfied," while the questions on pain relief and increase in functional ability could be answered on 5-point rating scales from "excellent" to "poor," plus an additional response option of "I don't know." The question on undergoing the procedure again could be answered on a 5-point rating scale from "definitively yes" to "certainly not," plus an additional response option of "I don't know. " We dichotomized the Likert scale responses to positive or negative statements (equivocal answers were considered negative). We considered the outcome to be successful if all 4 criteria were fulfilled. This strict classification system allowed the creation of the composite external criterion "treatment success."
Data from a further 2 patient questions on recommendation and expectations were available and used as sensitivity analysis; "Would you recommend this operation to someone else?" and "Have your expectations been met?" These additional questions employed the same 6-point scale response from "definitely yes" to "Certainly not."
Statistical Analysis
Sample characteristics are given as frequencies, ranges, means, and standard deviations. Spearman correlation coefficients were calculated to describe associations between the individual anchor items. To determine thresholds as predictors for treatment success, we performed a receiver operator characteristic analysis, using the aggregated variable "treatment success" as external criterion and the OHS and OKS at 12 months as well as score change since presurgery as predictors. We considered OHS and OKS values with a Youden's index (J) indicating the highest sensitivity and specificity as optimal cutoff value for the 1-year follow-up assessment and the change scores. We used the area under the curve (AUC) to determine the diagnostic accuracy of the OHS and the OKS. While an AUC value of 1.00 signifies perfectly accurate prediction of the outcome measure, a value between 0.70 and 0.80 is acceptable and values above 0.80 indicate excellent prediction [23] . For purposes of comparison, analysis was also performed separately for 3 subgroups defined by baseline OKS or OHS of each patient sample, differing in Oxford scores before surgery. We divided each sample into 3 groups (lowest, medium, highest tercile) using the 33rd percentile and the 67th percentile of the baseline score. In addition, we conducted a sensitivity analysis that included further possible external criteria to investigate the impact of definition of the composite criterion on the determination of thresholds. Statistical analysis was performed using IBM SPSS 24.0.
Results
Patient Characteristics
Preoperative and postoperative data were available for 3203 patients following total hip arthroplasty (THA) and 2742 total knee arthroplasty (TKA) patients, representing 86% of all lower limb arthroplasty procedures performed at the study center over this timeframe. Mean age of the THA sample was 68.0 (±11.3) years, and 58.4% were female. Mean OHS before surgery was 19.2 (standard deviation [SD] ¼ 8.5) and 38.6 (SD ¼ 9.4) 1 year after surgery. In the TKA sample, mean age was 70.2 (±9.4) years, and 57.5% were female. Preoperative OKS was 19.0 (SD ¼ 7.5) and 34.5 (SD ¼ 10.0) at 1-year follow-up. Based on the baseline scores, we categorized patients into 3 terciles as follows: OKS lowest tercile (0-14.9), OKS medium tercile (15-21.9), and OKS highest tercile ; OHS lowest tercile (0-13.9), OHS medium tercile (14-22.9), and OHS highest tercile . For further details, see Table 1 .
Treatment Success After TKA
In the TKA sample, 83.8% of patients reported to be satisfied or very satisfied 1 year after their joint arthroplasty (Table 1) . And 87.0% reported good to excellent relief from pain and 74.7% good to excellent increased functional ability. Being asked to undergo the same procedure again, 80.5% were willing to do so. The combined (4-part) external criterion "treatment success" was met by 67.3% of the TKA patients (Table 1) . Correlations between the 4 treatment success criteria were ranging from 0.55 (increased ability with surgery again) to 0.74 (pain relief with increased ability). Treatment success at 12 months was achieved in 54.9% of the patients with a preoperative OKS in the first tercile. And 66.7% of the patients in the medium tercile met the external criterion for treatment success. Finally, 77.8% of the patients in the highest tercile of baseline scores achieved our classification of treatment success.
Treatment Success After THA
Most of the patients (90.1%) reported to be satisfied with their hip arthroplasty, being relieved from pain (92.3%), and to have more functional ability (82.8%). Also, 88.8% were willing to undergo the same operation again, if needed (Table 1 ). In the THA sample, the external criterion "treatment success" was met by 77.6% (Table 1) . Correlations between the 4 treatment success criteria were ranging from 0.49 (pain relief with surgery again) to 0.70 (pain relief with increased ability). And 69.0% of patients with a preoperative OHS in the lowest tercile reported treatment success 1 year after surgery. In the medium tercile, 78.0% of the patients met the combined criterion, while 84.0% of the patients in the highest tercile of baseline scores reported treatment success.
Thresholds for the OKS and OHS
In receiver operator characteristic analysis, we found the postoperative OKS to predict the dichotomous treatment success criterion (successful/not successful) in TKA patients with an AUC of 0.87 (Fig. 1 ). The cutoff "treatment success" threshold varied with preoperative OKS tercile (Table 2) , with values in the 3 subgroups ranging from 0.85 (highest tercile at baseline) to 0.88 (lowest tercile at baseline).
For the OKS change score (difference between presurgery and 12-month follow-up), the AUC was 0.81 in the total sample, with values ranging from 0.81 (highest tercile at baseline) to 0.88 (lowest tercile at baseline).
In THA patients, accuracy of the prediction was 0.87 ( Fig. 1) , with values between 0.85 (lowest tercile) and 0.88 (medium tercile) for the subgroups defined by baseline score ( Table 3 ). The OHS change score had an AUC of 0.78 in the total sample, with values in the respective terciles ranging from 0.82 (highest tercile at baseline) to 0.87 (medium tercile at baseline).
For the TKA sample, a cutoff value of 32.5 showed the highest sensitivity and specificity. According to the preoperative OKS, the cutoff value for the lowest tercile was 28.5. Patients in the medium tercile showed highest sensitivity and specificity at 33.5 points, while an optimal cutoff for the highest tercile was 36.5 ( Table 2 and Fig. 2 ). For the OKS change score, optimal cutoff was a change of þ17.5 points for the lowest baseline tercile, þ13.5 points for the medium tercile, and þ9.5 points for the highest tercile.
In the THA sample, optimal cutoff in terms of Youden's J was 37.5. Cutoffs for the subgroups were 32.5 for the lowest tercile, 37.5 for the medium tercile, and 38.5 for patients in the highest tercile at baseline ( Table 3 and Fig. 3 ). For the OHS change score, the optimal cutoff was an improvement of þ23.5 points in the lowest tercile, þ15.5 points in the medium tercile, and þ12.5 points in the highest tercile.
Sensitivity Analysis
To analyze the impact of the anchor composition on obtained cutoff scores, we conducted a sensitivity analysis varying the included items. We included 2 further analyses adding either the question "Would you recommend this operation to someone else?" to the composite criterion from the main analysis or the question "Have your expectations been met?" Both questions could be answered on a 6-point rating scale ranging from "definitely yes" to "certainly not" and were dichotomized for the analysis the same way as the other anchor items. In the TKA group, adding the question on fulfilled expectations resulted in the same AUC of 0.87 (95% confidence interval [CI], 0.86-0.89), while the optimal cutoff increased from 32.5 to 33.5. In the THA group, adding this question altered neither the AUC (0.87; 95% CI, 0.86-0.89) nor the optimal cutoff of 37.5 points. Adding the question on recommendation instead resulted again in an increase in the optimal cutoff point to 33.5 points in TKA patients, but did not change the AUC (0.87; 95% CI, 0.85-0.88). In THA patients, the results remained unchanged (optimal cutoff, 37.5 points; AUC ¼ 0.87; 95% CI, 0.85-0.88). The question on recommending the procedure correlated with at least 0.48 (correlation with increased ability in THA patients) with all other anchor questions. Fulfilled expectations correlated at least with 0.54 (correlations with undergoing surgery again in THA patients).
Discussion
This study provides threshold values for identifying whether patients achieved "treatment success" following THA and TKA using the OHS and OKS; achieving 32.5 points on the OKS and 37.5 points on the OHS reflected a successful outcome. Typically studies report that 90% of THA and 80% of TKA patients are satisfied with the outcome of surgery [13, 24, 25] . We required satisfaction, pain relief, functional improvement, and willingness to undergo the procedure again to be affirmed to constitute success. Applying this composite anchor resulted in approximately threequarters (77.6%) of hip arthroplasty patients and two-thirds (67.3%) of knee arthroplasty patients reporting a successful outcome. It is currently difficult to assess the impact of new interventions and implant technologies in joint arthroplasty as, using current questionnaire assessment methodologies, most patients report high levels of outcome. As such, there is interest in deriving scoring systems without marked ceiling effects to better differentiate highly performing patients [26e28] . That this composite anchor approach "lowers" the proportion of patients reporting successful outcomes following joint arthroplasty may be beneficial as it allows for a greater "high" outcome range using existing scores.
Previous studies have proposed thresholds for the OHS and OKS by applying a single satisfaction criterion; these demonstrate notable variation in the cutoff values derived. Judge et al [7] suggested that the threshold for high satisfaction 6 months following surgery was 30 points for the OKS and 35 points for the OHS, whereas Keurentjes et al [29] reported thresholds of 37 points for the OKS and 42 points for the OHS at 3 years. This discrepancy in threshold value may be reflective of the single anchor approach, which is susceptible to variation in response, and the studies utilized different follow-up time points.
Irrespective of the criteria employed to denote "treatment success," it may be misleading to apply the same score threshold value to all patients. We used the well-defined methodology of grouping patients by preoperative score tercile to evaluate variation in threshold value by patient case-mix factors [30] . In both hip and knee arthroplasty patients, the postoperative Oxford score required to meet the success criteria varied with preoperative tercile. A lesser absolute postoperative Oxford score was required to achieve the patient's report of "treatment success" in those with low preoperative Oxford scores.
Interestingly, the opposite pattern was observed when comparing thresholds for change in scores (between preoperation and postoperation) across the patient terciles. In patients with low baseline scores, more change was needed to qualify for treatment success than in patients with high baseline scores. The variation in threshold values derived for "change scores" was substantially larger than the variation in threshold values for absolute scores. This suggests that patients may rely on their current status as opposed to perceived improvement when reporting satisfaction postoperatively. This may reflect recall bias of their presenting symptom state. As such, postoperative absolute scores accounting for preoperative status may be more suitable for assessing treatment success than change scores. 
Strengths and Limitations
The relatively large sample size and application of a composite criterion for treatment success can be regarded as strengths of our study. Although this is (to our knowledge) the most comprehensive anchor applied to the Oxford scores, we cannot be sure that the criteria employed encapsulates all facets of "success" following arthroplasty. Our sensitivity analysis indicated that the Oxford score thresholds we report are fairly robust toward changes to the individual anchor components. We had 6 potential anchor items available for analysis with this dataset but, however, opted to mirror the 4-item selection previously described [22] for reasons of consistency. We were able to use the additional responses to the questions of "expectations met" and "recommendation to a friend" as sensitivity analyses to explore the value of incorporating these additional factors to the composite anchor. Adding further criteria had minimal impact, with no changes to the THA threshold patients and varying the TKA threshold by 1 point. This finding reflects the strong correlations between the various anchor questions that may reflect overlapping content.
A limitation is that we describe thresholds for success at a single postoperative time point of 12 months. Extrapolation cannot be drawn to threshold values at different timeframes nor any longitudinal changes over the postoperative period. The 12-month postoperative time point is however the timeframe most commonly reported in arthroplasty outcome evaluation, accepted to reflect the completion of postoperative recovery.
Conclusion
This study provides thresholds for identifying "treatment success" following THA and TKA using the OHS and OKS. We employed a comprehensive definition of treatment success comprising patient satisfaction, functional improvement, pain relief, and willingness to undergo the same procedure again. Using this composite criterion, approximately three-quarters of hip arthroplasty patients and two-thirds of knee arthroplasty patients reported a successful treatment. Fig. 3 . Treatment success thresholds for the Oxford Hip Score in the total sample and in the 3 subgroups defined by presurgery scores. 
